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In re the Application of 
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International Application 
PCT/EP 99/00959 

Filed: November 12, 1999 

For REACTOR FOR CONTINUOUSLY CARRYING OUT GAS-LIQUID, 
LIQUID-LIQUID OR GAS-LIQUID SOLID REACTIONS 

PRELIMINARY AMENDMENT 

Honorable Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to examination, kindly amend the above-identified application as follows: 
IN THE CLAIMS 

Please amend the claims as shown on the attached sheets. 

REMARKS 

The claims were amended in the international preliminary examination. The claims have 
been amended further to eliminate multiple dependency and to put them in better form for U.S. 
filing. No new matter is included. A clean copy of the claims is attached. 

Favorable action is solicited. 

Respectfully submitted, 
KEIL&WEINKAUF 
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AMENDED CLAIMS FOR OZ 49568 

3. (amended) A reactor (1 ) as claimed in claim 1 [or 2], wherein the jet nozzle (2) 

is configured as a single-fluid nozzle and. optionally, a facility for introducing one 
or more gaseous reactants, preferably one or more, in particular from one to 
three, annular pipes having a plurality of orifices, in particular in the lower region 
of the reactor or distributed over the height of the reactor, is (are) additionally 
provided in the annular space between guide tube (4) and interior wall of the 
reactor. 

4. (amended) A reactor (1 ) as claimed in claim 1 [or 2], wherein the jet nozzle (2) is 
configured as a three-fluid or two-fluid nozzle. 

5. (amended) A reactor (1 ) as claimed in [any of claims 1 to 4] claim 1 , which has 
an aspect ratio 1/d of from 3 to 10, preferably from 6 to 10. 

6. (amended) A reactor (1 ) as claimed in [any of claims 1 to 5] claim 1 , wherein the 
ratio of the diameters of guide tube (4) and reactor (1 ) is in the range from 0.25 
to 0.5, particularly preferably in the range from 0.28 to 0.33. 

7. (amended) A reactor (1 ) as claimed in [any of claims 1 to 6] claim 1 , wherein an 
impingement plate (6) is located in the region of the reactor below the lower end 
of the guide tube (4), preferably at a distance of one guide tube diameter. 

8. (amended) A continuous process for carrying out gas-liquid or gas-liquid-solid 
reactions in a reactor (1) as claimed in [any of claims 1 to 7] claim 1 . wherein the 
major part of the reaction mixture, corresponding to from 2 to 30 times, 
preferably from 5 to 10 times, the volume flow of the reaction mixture pumped 
around the external circuit flows in an internal loop through the guide tube (4) 



from the top downward and through the annular space between guide tube (4) 
and interior wall of the reactor from the bottom upward, 
(amended) [The use of an apparatus as claimed in any of claims 1 to 7 or a 
process as claimed in claim 8 for, in particular,] A process as defined in claim 8, 
wherein the reaction is a strongly exothermic gas-liquid or gas- liquid-solid 
[reactions, preferably] for hydrogenation[s], oxidation[s], ethoxylation[s], 
propoxylation[s], hydroformylation[s] or aldol condensation[s] reaction . 



CLEAN CLAIMS OZ49568 

1 . A reactor ( 1 ) of high cylindrical construction for continuously carrying out gas- 
liquid-solid reactions, provided with a downward-directed jet nozzle (2) via which 
the starting materials and the reaction mixture are fed in and which is located in 
the upper region of the reactor, and provided with an offtake (3), preferably in 
the lower region of the reactor, via which the reaction mixture is conveyed via an 
external circuit back to the jet nozzle (2) by means of a pump (P), where a guide 
tube (4) which extends essentially over the total length of the reactor ( 1 ) with 
the exception of the reactor ends and has a cross-sectional area in the range 
from one tenth to one half of the cross-sectional area of the reactor (1 ) is located 
concentrically in the reactor (1), and the jet nozzle (2) is located above the upper 
end of the guide tube (4), preferably at a distance of from one eighth of the guide 
tube diameter to one guide tube diameter, or projects into the guide tube (4) to a 
depth up to a plurality of guide tube diameters, and a heat exchanger provided 
with heat exchange tubes is integrated into the annular space, wherein the heat 
exchanger tubes run parallel to the guide tube (4). 

2. A reactor (1 ) as claimed in claim 1 , wherein the heat exchanger tubes of the heat 
exchanger are welded in between plates. 

3. A reactor (1 ) as claimed in claim 1 , wherein the jet nozzle (2) is configured as a 
single-fluid nozzle and, optionally, a facility for introducing one or more gaseous 
reactants, preferably one or more, in particular from one to three, annular pipes 
having a plurality of orifices, in particular in the lower region of the reactor or 
distributed over the height of the reactor, is (are) additionally provided in the 



annular space between guide tube (4) and interior wall of the reactor. 

4. A reactor (1 ) as claimed in claim 1 , wherein the jet nozzle (2) is configured as a 
three-fluid or two-fluid nozzle. 

5. A reactor (1 ) as claimed in claim 1 , which has an aspect ratio 1/d of from 3 to 
1 0, preferably from 6 to 1 0. 

6. A reactor (1 ) as claimed in claim 1 , wherein the ratio of the diameters of guide 
tube (4) and reactor (1) is in the range from 0.25 to 0.5, particularly preferably in 
the range from 0.28 to 0.33. 

7. A reactor (1 ) as claimed in claim 1 , wherein an impingement plate (6) is located 
in the region of the reactor below the lower end of the guide tube (4), preferably 
at a distance of one guide tube diameter. 

8. A continuous process for carrying out gas-liquid or gas-liquid-solid reactions in a 
reactor (1 ) as claimed in claim 1 , wherein the major part of the reaction mixture, 
corresponding to from 2 to 30 times, preferably from 5 to 1 0 times, the volume 
flow of the reaction mixture pumped around the external circuit flows in an 
internal loop through the guide tube (4) from the top downward and through the 
annular space between guide tube (4) and interior wall of the reactor from the 
bottom upward. 

9. A process as defined in claim 8, wherein the reaction is a strongly exothermic 
gas-liquid or gas- liquid-solid for hydrogenation, oxidation, ethoxylation, 
propoxylation, hydroformylation or aldo! condensation reaction. 
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AS ORIGINALLY FILED 



Reactor for continuously carrying out gas-liquid, liquid-liquid or 
gas-liquid-solid reactions 



5 The present invention relates to a reactor for continuously carrying out gas-liquid, 
liquid-liquid or gas-liquid-solid reactions, to a process and to a use of the reactor. 

Gas-liquid mass transfer and the removal of heat are the rate-determining steps in 
many chemical processes. To improve mass transfer at the phase interface, the use 

10 of ejectors, i.e. devices which utilize the kinetic energy of a high-velocity liquid jet 
to draw in and disperse the gas phase, has been proposed for such reactions. The 
high energy input creates high turbulence and generates high shear forces in the 
ejector, so that the gas is dispersed in the form of very small bubbles, i.e. a very 
high gas-liquid interfacial area per unit volume is generated. In the literature, 

1 5 values of from 40 000 to 70 000 m^/m^ for the phase boundary area per unit 
volume are described for ejectors, compared to from 500 to 2 500 in the overall 
system, i.e. outside the ejector (cf. Chem. Eng. Sci. Vol. 47, No. 13/14 pp. 3557 ff, 
1992). 

20 Apparatuses for carrying out gas-liquid or gas-liquid-solid reactions using ejectors 
are known as loop venturi reactors and are described, for example, in 
DE-A-4323687 in conjunction with a continuous process for preparing aromatic 
diamines and polyamines by catalytic hydrogenation of the corresponding polynitro 
compounds. The ejector, i.e. a two-fluid jet nozzle with fixed impulse exchange 

25 tube and dif&ser in which circulated liquid mixture and gaseous reactant 
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(hydrogen) are brought into contact, is located at the end of the loop venturi 
reactor. A proportion of the length of the ejector projects through the gas-liquid 
phase interface into the liquid. The gas dispersion power is high in the ejector 
itself, but not in the remaining reactor volume which, in terms of flow and 
5 residence time behavior, has pure bubble column characteristics. In this reactor 
volume outside the ejector, small and large random eddies with comparatively low 
mass transfer keep the catalyst in the suspended state. The gas content in the 
reactor is established predominantly on the basis of the properties of the materials 
but to a lesser extent also on the basis of the initial dispersion. The heat of reaction 
1 0 which is liberated is removed via an external heat exchanger in the pump circuit, 

EP-A-263 935 describes stirred tank reactors for carrying out strongly exothermic 
reactions, in which the heat liberated is removed via Field tube heat exchangers at 
the place where it arises. As is known, the term Field tube heat exchanger refers to 

15 heat exchangers which have a bundle of parallel double- walled tubes, where the 
ends of the outer tubes projecting into the reactor space are closed and the 
corresponding ends of the inner tubes are open, so that the heat exchange medium 
flows via a feed space located outside the reactor space into the inner tubes and 
flows out via the space between inner and outer tubes and an outlet space. Such 

2 0 - heat exchangers have a high ratio of heat exchange area to volume of the reaction 
space and are thus particularly effective for removing the heat of reaction liberated. 
However, the process described has the disadvantage that mixing of the phases is 
not ensured, with the consequence that there is increased occurrence of 
uncontrollable secondary reactions resulting in a reduction in yield and that the 

2 5 cooling surfaces become covered with resinous compounds and/or catalyst. 

It is an object of the present invention to provide a reactor for gas-liquid, liquid- 
liquid or gas-liquid-solid reactions which ensures intensive mixing of the phases in 
the entire reaction volume and thus ensures improved efficiency and an improved 

3 0 space-time yield. 

In one embodiment, it is also an object of the invention to ensure that the reactor is 
largely isothermal, i.e. there is a very small temperature gradient over the height of 
the reactor. 
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A further object of the invention is to provide a continuous process for gas-liquid, 
liquid-liquid or gas-solid reactions using a reactor according to the present 
invention. 

5 The present invention starts out from a reactor for gas-liquid or gas-liquid-solid 
reactions having a high cylindrical construction provided with a downward- 
directed jet nozzle via which the starting materials and the reaction mixture are fed 
in and which is located in the upper region of the reactor, and provided with an 
offtake, preferably in the lower region of the reactor, via which the reaction 
10 mixture is conveyed via an external circuit back to the jet nozzle by means of a 
pump. 

In the reactor of the present invention, a guide tube which extends essentially over 
the total length of the reactor with the exception of the reactor ends and has a cross- 

1 5 sectional area in the range from one tenth to one half of the cross-sectional area of 
the reactor is located concentrically in the reactor, and the jet nozzle is located 
above the upper end of the guide tube, preferably at a distance of from one eighth 
of the guide tube diameter to one guide tube diameter, or projects into the guide 
tube to a depth up to a plurality of guide tube diameters, and a heat exchanger, in 

2 0 particular a heat exchanger having heat exchange tubes, preferably running parallel 
to the guide tube, welded in between plates, is integrated into the annular space. 

It has been found that the mass transfer and heat transport limitations are largely or 
completely eliminated and the overall reaction thus proceeds under purely kinetic 

2 5 control in such a reactor. 

The solution provided by the present invention, according to which the major part 
of the reaction mixture is conveyed in a directed internal loop and only a small part 
of the reaction mixture which is necessary for driving the loop flow is pumped 

3 0 aroimd an external circuit, is energetically advantageous. 

As a result of the flow conditions being unambiguously defined in the entire 
reactor volume, i.e, the most important parameters for design of the reactor, viz. 
flow velocities, gas contents, backmixing, mixing time and residence time 
35 behavior, can be determined sufficiently precisely, the reactor of the present 
invention is capable of direct scale-up. 
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The term jet nozzle refers, as is known, to a tube which tapers in the flow direction; 
the jet nozzle can be configured as a three-fluid or two-fluid nozzle, optionally 
with impulse exchange tube and diffuser, or as a single-fluid nozzle. 

5 When using a single-fluid nozzle, one or more gaseous reactants can additionally 
be introduced into the gas space at the top of the reactor or via suitable facilities, 
preferably via one or more, in particular from one to three, annular pipes having a 
plurality of orifices, particularly in the lower region of the reactor or distributed 
over the height of the reactor, into the annular space between guide tube and 
10 interior wall of the reactor. However, the gas can also be fed in below the 
impingement plate or directly into the gas space above the single-fluid nozzle. The 
buoyancy generated by the gas bubbles helps to drive the internal loop flow. 

The offtake for the reaction mixture can in principle be located at any height on the 
15 reactor, preferably in the lower region of the reactor, particularly preferably at the 
bottom of the reactor. Part of the reaction mixture is taken off via the offtake by 
means of a pump and, optionally aft;er solid components, in particular suspended 
catalyst, have been separated off, for example in a crossflow filter, fed back to the 
jet nozzle in the upper part of the reactor. 

20 

For the purposes of the present invention, the term guide tube refers to an internal 
tube which is located concentrically in the vertical cylindrical reactor and extends 
over virtually the entire length of the reactor with the exception of the reactor ends. 
The upper end of the guide tube always has to be covered with liquid, i.e. it must 

25 be located below the upper gas separation space which, according to the present 
invention, makes up from about 3 to 15% of the total volume of the reactor, in 
particular from 5 to 7% of the total volume of the reactor. The upper end of the 
guide tube has to be at a distance from the dovmward directed jet nozzle whose 
axis is preferably coincident with that of the guide tube. The relative positioning of 

3 0 nozzle and guide tube and the internal fill level can be used to set the gas content in 
the reaction mixture. 

The jet nozzle preferably has its opening in the region of the interface between 
continuous gaseous and liquid phases, i.e. the surface of the liquid. In this case, the 
3 5 gas content in the reaction volume can be altered within certain limits by raising or 
lowering the level of liquid. If, for example, the nozzle is dipped in the liquid by 
raising the level of liquid, the gas content of the reaction mixture becomes smaller, 
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while lowering the level of liquid below the outlet of the jet nozzle results in larger 
amounts of gas being drawn into the reaction volume. 

The guide tube preferably has a cross-sectional area in the range from one tenth to 
5 one half of the cross-sectional area of the reactor. The lower end of the guide tube 
is in the lower region of the reactor, preferably in the region of the cylindrical end 
of the reactor. 

A heat exchanger, in particular a heat exchanger having heat exchange tubes, 
10 preferably running parallel to the guide tube, welded in between plates, is 
integrated into the annular space between guide tube and interior wall of the 
reactor. This ensures, particularly in the case of strongly exothermic reactions, that 
the reactor is largely isothermal, i.e. has a very small temperature gradient over the 
height of the reactor, since the heat of reaction is removed where it arises. In 
15 addition, the reliability of the process is improved compared to a process 
employing cooling in the external circuit, since the reactor cooling still functions if 
the pump for the external circuit fails. If the cooling water supply fails, cooling still 
fimctions until all the cooling water in the heat exchange tubes has been vaporized. 

20 However, it is also possible to integrate heat exchangers having a different 
construction, in particular Field tube heat exchangers, into the annular space. 

The reactor preferably has an aspect ratio, i.e. the ratio of length (1) to diameter (d), 
of from 3 to 10, more preferably from 6 to 10. The reactor can be constructed with 
25 this high aspect ratio because of the directed internal loop flow. As a result of the 
high aspect ratio, the gas content in the reaction volume can be altered by means of 
only small changes in the amoimt of liquid in the reactor, because this alters the 
relative positioning of jet nozzle and liquid surface. 

30 The ratio of the diameters of the guide tube and the reactor is preferably in the 
range from 0.25 to 0.5, preferably in the range from 0.28 to 0.33. 

The lower region of the reactor is preferably provided with an impingement plate 
installed below the lower end of the guide tube, essentially perpendicular to the 
35 guide tube and preferably at a distance of from one to two guide tube diameters 
from the guide tube. The impingement plate is preferably configured as a disk 
having a diameter greater than the diameter of the guide tube and smaller than the 
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intemal diameter of the reactor and a thickness determined by the mechanical 
strength of the preferably metallic material of construction, i.e, in the range of 
about 5-10 mm. The impingement plate not only has the function of reversing the 
flow but also has the task of preventing gas bubbles from being carried into the 
5 external circuit and damaging the pump. 

The present invention also provides a continuous process for carrying out gas- 
liquid or gas-liquid-solid reactions in a reactor as described above, wherein the 
major part of the reaction mixture, corresponding to from 2 to 30 times, preferably 

1 0 from 5 to 1 0 times, the volume flow of the reaction mixture pumped in the external 
circuit, flows in an internal loop through the guide tube from the top downward and 
through the annular space between guide tube and interior reactor wall from the 
bottom upward. For the purposes of the present invention, the expression internal 
loop (flow) refers to a circulation of the reaction mixture within the reactor which 

15 is driven by the liquid jet produced by the downward-directed jet nozzle located in 
the upper region of the reactor. This downward-directed liquid jet produces a 
downward flow in the guide tube which, after leaving the guide tube, is deflected in 
the lower region of the reactor and is directed upward in the annular space between 
guide tube and interior wall of the reactor. At the upper end of the guide tube, the 

20 liquid is once again drawn in by the driving jet, mixed with this and turned 
downward again. The loop flow can be assisted by addition of one or more gaseous 
reactants into the annular space between guide tube and interior wall of the reactor 
by exploiting the buoyancy of the gas. 

2 5 The liquid jet disperses the circulating gas present in the form of gas bubbles in the 
two-phase flow at the upper end of the guide tube, in the vicinity of the jet nozzle, 
as a result of which very high gas transfer coefficients and phase boundary areas 
per unit volume are achieved. Furthermore, the liquid jet draws in the gas from the 
gas separation space in the upper part of the reactor and disperses it. 

30 

The apparatus and process of the present invention are particularly useful for highly 
exothermic gas-liquid, liquid-liquid or gas-liquid-solid reactions, preferably 
suspension-catalyzed hydrogenations, organic oxidations, ethoxylations, 
propoxylations or aldol condensations. 

35 

The application of the process and apparatus of the present invention to the 
abovementioned reactions makes it possible to achieve better space-time yields. 
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milder reaction conditions, in particular in respect of the pressure and possibly the 
temperature, reduced reaction volumes, lower production costs due to energy 
savings, possibly reduced capital costs and improved safety. 

5 The invention is illustrated below by means of a figure and an example. 

The single figure shows a longitudinal section through a reactor 1 according to the 
present invention having a jet nozzle 2 via which the starting materials and the 
reaction mixture can be fed in and which is locked in the upper region of the 

10 reactor and having an offtake 3 in the lower region of the reactor, via which the 
reaction mixture is conveyed in an external circuit by means of a pump P and fed 
back to the jet nozzle 2. A concentric guide tube 4 extending over the major part of 
the reactor length with the exception of the reactor ends is located in the reactor 1 . 
The figure shows an impingement plate 7, which is preferably present, below the 

1 5 lower end of the guide tube 4. A heat exchanger which is depicted in the figure as a 
Field tube heat exchanger with feed space 5 and discharge space 5' for the coolant 
K and with heat exchange tubes .6 is also preferably provided, hi a further preferred 
embodiment, the heat exchanger can be in the form of heat exchange tubes, 
preferably running parallel to the guide tube 4, welded in between plates. 

20 

Example 

In a reactor as shown in Figure 1 having a reaction volume of about 0.05 m^ and 
provided with 36 parallel Field tubes which have a total cooling area of about 

25 2.5 m^ and into which a cooling water stream of about 1 m^/h and having a 
temperature of about 35°C is fed, 30.3 kg/h of propionaldehyde are introduced at 
75 °C into a fast-flowing mixture consisting of about 84% of propionic acid, about 
15% of propionaldehyde and not more than 1% of by-products, in particular 
organic acids and alcohols, by means of a metering pump. A pressure of 23 bar is 

3 0 set in the reactor by simultaneous introduction of 3 1 standard w?/h. To maintain 
the loop flow, a volume of 2.5 m^/h is circulated around the external product 
circuit. The pressure in the jet nozzle is about 3 bar above the reactor pressure and 
the specific power input is about 5 kW/m . 

35 The reaction proceeds under virtually isothermal conditions, since the heat of 
reaction is removed where it arises. The maximum reaction temperature in the 
lower third of the reactor is 76°C. 
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A substream of 38.8 kg/h of the reaction mixture consisting of 84% of propionic 
acid, about 15% of propionaldehyde and less than 1% of by-products, in particular 
organic acids and alcohols, is taken off continuously. This corresponds to a space- 
5 time yield of 650 kg/m h. The unreacted propionaldehyde can be separated off by 
thermal means, in particular by distillation, or reacted further in a cascade of two 
reactors according to the present invention connected in series with additional use 
of a reaction tube. When using a cascade of two reactors according to the present 
invention, the total propionaldehyde conversion is 98.7% at a selectivity of about 
10 96%. 
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We claim: 

1. A reactor (1) of high cylindrical construction for continuously carrying out 
gas-liquid-solid reactions, provided with a downward-directed jet nozzle (2) 
via which the starting materials and the reaction mixture are fed in and 
which is located in the upper region of the reactor, and provided with an 
offtake (3), preferably in the lower region of the reactor, via which the 
reaction mixture is conveyed via an external circuit back to the jet nozzle 
(2) by means of a pump (P), where a guide tube (4) which extends 
essentially over the total length of the reactor (1) with the exception of the 
reactor ends and has a cross-sectional area in the range from one tenth to 
one half of the cross-sectional area of the reactor (1) is located 
concentrically in the reactor (1), and the jet nozzle (2) is located above the 
upper end of the guide tube (4), preferably at a distance of from one eighth 
of the guide tube diameter to one guide tube diameter, or projects into the 
guide tube (4) to a depth up to a plurality of guide tube diameters, and a 
heat exchanger provided with heat exchange tubes is integrated into the 
annular space, wherein the heat exchanger tubes run parallel to the guide 
tube (4). 

2. A reactor (1) as claimed in claim 1, wherein the heat exchanger tubes of the 
heat exchanger are welded in between plates. 

3. A reactor (1) as claimed in claim 1 or 2, wherein the jet nozzle (2) is 
configured as a single-fluid nozzle and, optionally, a facility for introducing 
one or more gaseous reactants, preferably one or more, in particular from 
one to three, annular pipes having a plurality of orifices, in particular in the 
lower region of the reactor or distributed over the height of the reactor, is 
(are) additionally provided in the annular space between guide tube (4) and 
interior wall of the reactor, 

4. A reactor (1) as claimed in claim 1 or 2, wherein the jet nozzle (2) is 
configured as a three-fluid or two-fluid nozzle. 
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5. A reactor (1) as claimed in any of claims 1 to 4, which has an aspect ratio 
1/d of from 3 to 10, preferably from 6 to 10. 

6. A reactor (1) as claimed in any claims 1 to 5, wherein the ratio of the 
diameters of guide tube (4) and reactor (1) is in the range from 0.25 to 0,5, 
particularly preferably in the range from 0.28 to 0.33. 

7. A reactor (1) as claimed in any of claims 1 to 6, wherein an impingement 
plate (6) is located in the region of the reactor below the lower end of the 
guide tube (4), preferably at a distance of one guide tube diameter. 

8. A continuous process for carrying out gas-liquid or gas-liquid-solid 
reactions in a reactor (1) as claimed in any of claims 1 to 7, wherein the 
major part of the reaction mixture, corresponding to from 2 to 30 times, 
preferably from 5 to 10 times, the volume flow of the reaction mixture 
pumped around the external circuit flows in an internal loop through the 
guide tube (4) from the top downward and through the annular space 
between guide tube (4) and interior wall of the reactor from the bottom 
upward. 

9. The use of an apparatus as claimed in any of claims 1 to 7 or a process as 
claimed in claim 8 for, in particular, strongly exothermic gas-liquid or gas- 
liquid-solid reactions, preferably for hydrogenations, oxidations, 
ethoxylations, propoxylations, hydroformylations or aldol condensations. 
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Abstract 



A reactor (1) of high cyhndrical construction for continuously carrying out gas- 
liquid, liquid-liquid or gas-liquid-solid reactions, provided with a downward- 
directed jet nozzle (2) via which the starting materials and the reaction mixture are 
fed in and which is located in the upper region of the reactor, and provided with an 
offtake (3), preferably in the lower region of the reactor, via which the reaction 
mixture is conveyed via an external circuit back to the jet nozzle (2) by means of a 
pump (P), wherein a guide tube (4) which extends essentially over the total length 
of the reactor (1) with the exception of the reactor ends and has a cross-sectional 
area in the range from one tenth to one half of the cross-sectional area of the 
reactor (1) is located concentrically in the reactor (1), and the jet nozzle (2) is 
located above the upper end of the guide tube (4), preferably at a distance of from 
one eighth of the guide tube diameter to one guide tube diameter, or projects into 
the guide tube (4) to a depth up to a plurality of guide tube diameters is proposed. 
A heat exchanger, in particular a heat exchanger having heat exchange tubes (6), 
preferably running parallel to the guide tube, welded in between plates (5), is 
integrated into the annular space. 
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We (I), the undersigned inventor(s), hereby declare(s) that: 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

Reactor for continuously carrying out gas-liquid, liquid-liquid or 
gas-liquid-solid reactions 

the specification of which 

[v^/is attached hereto. 

[ ] was filed on as 

Application Serial No. 

and amended on . 

[x] was filed as PCX international application 

Number PCT/EP99/09059 



on 23/11/1999 



and was amended under PCX Article 19 



on (if applicable). 

We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as 
defined in Section 1.56 of Xitle 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCX International application which designated at least one country other 
than the United States, Hsted below and have also identified below, by checking the box, any foreign application for patent 
or inventor 's certificate, or PCX Intemational application having a filing date before that of the application on which priority 
is claimed. Prior Foreign AppHcation(s) 

Application No. Country Day/Month/Year Priority 

Claimed 

19854637,8 Germany 26 November 1998 [x] Yes [ ] No 
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We (I) hereby claim the benefit under Title 35, United States Codes, § 1 19(e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCX 
International application designating the United States, Hsted below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCX International application in the manner provided by the 
first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined 
in 37 CFR § 1 .56 which became available between the filing date of the prior application and the national or PCX Intemational 
filing date of this application. 



Application Serial No. Filing Date Status (pending patented, 

^ abandoned) 



And we (I) hereby appoint Messrs. HERBERT. B. KEIL, Registration Number 1 8,967; and RUSSEL E. WEINKAUF, 
Registration Number 18, 495; the address ofboth being Messrs. Keil&Weinkauf, 1101 Connecticut Ave., N.W., Washington, 
D.C. 20036 (telephone 202-659-0100), our attorneys, with full power of substitution and revocation, to prosecute this 
application, to make alterations and amendments therein, to sign the drawings, to receive the patent, and to transact all 
business in the Patent Office connected therewith. 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 
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Stefan Berg 
""NAME OF INVENTOR 
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Signature of Inventor 
Date 15/02/2001 
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Citizen of: Germany 
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Peter Zehner 



NAME OF INVENTOR 




Signature of Inventor 
Date 15/02/2001 



Erich— Kdstner—Stn 15 
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Citizen of: Germany 
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J^egirm Benfer 
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Signature O^ventor 
I^ate 15/02/2001 




Akazienweg 23 
67122 Altrip_ 

Germany i) £^ 

Citizen of: Germany 
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Jdm Muller 



NAME OF INVENTOR 
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Citizen of: Germany 
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AME OF INVENTOR 




^ Signatiore of Inventor 
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BayemstK48 

67061 Ludwigshg£m^ _ 
Germany D 6 ?^ 

Citizen of: Germany 
Post Office Address: same as residence 



Ral[^ Schulz Maulbronner Hof 35 

NAMEOF INVENTOR 67346 Spe^er^ 

Germany 

Citizen of: Germany 
Post Office Address: same as residence 
Signature of fiiventor 

Date 15/02/2001 




Dieter Stutzer 




Carl—ZimmermannStKll 
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Citizen of: Germany 
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